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Population genetic analysis of a sea spider, Nymphonella tapetis (Pycnogonida,
Ascorhynchidae) in Japan based on the mitochondrial COI gene sequence
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Abstract

Nymphonella tapetis is a sea spider showing a larval endoparasitism on Manila clam (Asari) and some
other bivalves. A large-scaled outbreak of the species occurred in Tokyo Bay in 2007 and caused serious
damage to the Asari fishery. The species has been recorded afterward in several places in Japan and seemed
to be expanding its distribution. In the present study, we conducted a population genetic analysis of N.
tapetis using mtDNA COI sequences from the populations of five localities in Japan: Tokyo Bay (Chiba
Prefecture), Mikawa Bay (Aichi Pref.), Matsukawaura (Fukushima Pref.), Tateyama (Chiba Pref.), and
Misaki (Kanagawa Pref.). Phylogenetic tree from a partial COI sequence (562 bp) robustly supported a
monophyly of N. tapetis of these localities. Parsimony haplotype network analysis showed the two genetic
lineages among these populations: the Tokyo Bay (Tokyo Bay, Mikawa Bay and Matsukawaura) and the
Tateyama (Tateyama and Misaki) lineages. The lower average nucleotide sequence divergence of the
Tokyo Bay lineage suggests its younger history than another lineage. As the localities of the Tokyo Bay
lineage are remotely separated each other and the N. fapetis larvae lack the planktonic stages, they are
considered sharing a common source such as a recent commercial circulation of Manila clam. Although
Tateyama and Misaki are geographically much closer to Tokyo Bay compared to Mikawa Bay and
Matsukawaura, the migration between the Tateyama + Misaki population and the Tokyo Bay population
seems to be an unlikely event.

Key words: Nymphonella tapetis; Pycnogonida; Manila clam; parasitism; phylogenetics; population
genetics; COI
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Fig. 1. Sampling localities of sea spider Nymphonella tapetis in Japan.
Nucleotide sequence data of sea spider samples in Matsukawaura, Tokyo Bay
and Mikawa Bay are from previous study (Chow et al. 2012).

Table 1. Collection information of Nymphonella tapetis individuals captured at
Tateyama (T) and Misaki (M).

ID Date & Year Latitude/Longitude or Location  Depth (m)
T20 23 May, 2018 34°58.971N, 139°49.051 E 10.0
T21 5 March, 2019 34°59.172N, 139°48.837 E 13.2
T23 24 April, 2019 34°58.919N, 139°49.025E 7.6
T24 24 April, 2019 34°58.919N, 139°49.025E 7.6
T26 24 April, 2019 34°58.919N, 139°49.025E 7.6
T28 24 April, 2019 34°58.919N, 139°49.025E 7.6
T29 24 April, 2019 34°58.919N, 139°49.025E 7.6
T30 26 April, 2019 34°58.962N, 139°49.022E 7.4
T31 26 April, 2019 34°59.013N, 139°49.117E 7.3
T32 26 April, 2019 34°59.013N, 139°49.117E 7.3
Ml 16 May, 2014 Koajiro Bay 12.0
M2 24 January, 2014 Koajiro Bay 8.4
M3 24 January, 2014 Koajiro Bay 8.4
M4 20 March, 2015 Moroiso unrecorded
FhH I A AR U T2 * Reverse 77 A ~— : UMCOI-2R
TR 74 ~—tv N (EDL 2012) L5404 [5' -TGATGAGCTCAAACAATAAA-3']
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+ Forward 7' 7 A ~— : UMCOI-1F2 T=—U2 7 45C, 30 % (T21 OHT =—V
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Fig. 2. A maximum likelihood (ML) tree of mtDNA COI sequences of Nymphonella tapetis specimens
built based on T92+G model. Ascorhynchus castelli (KX535408) and A. levissimus (KX008311) are
used as outgroup species. M1—-13: haplotypes from previous study (Chow et al. 2012). UM14-20:
haplotypes detected in the present study. Open and closed circles indicate ten individuals from Tateyama
(T) and four individuals from Misaki (M), respectively. Bootstrap values less than 50 % are not shown.
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Table 3. Nucleotide diversity (p-distance) within
(on the diagonal) and between (below diagonal)
local sample of N. tapetis. MU, Matsukawaura; TB,
Tokyo Bay; MB, Mikawa Bay; MS, Misaki; TY,

Tateyama.
MU TB MB MS TY
MU 0.205
TB 0.144 0.082
MB 0.171 0.111 0.140
MS 1307 1288 1.307 0.356
TY 1200 1.181 1.201 0.301 0.285

FERR S VD R & BT - =T ) 1 A
RKTHiHEENNT a4 T THERENDF

Aquatic Animals | May 03, 2020 | Tkarashi et al. AA2020-4



O Misaki
O Tateyama O Tokyo Bay
10 @ Mikawa Bay

UM1

3

o

@ Matsukawaura

7 @

i

UMé6

@ UM9
UM10

UM12

UmM3

uUM2

Fig. 3. Parsimony haplotype network based on COI haplotypes of 20 haplotypes (UM1-20). Circle
colors indicate sampling locations, and size indicates number of individuals.

Table 4. Pairwise Fst values (below diagonal) and probability of pairwise Fst (above diagonal)
between local samples of Nymphonella tapetis. Probability less than 0.01 is considered to be
statistically significant (*). MU, Matsukawaura; TB, Tokyo Bay; MB, Mikawa Bay; MS, Misaki;

TY, Tateyama.

MU TB MB MS TY
MU 0.153+£0.039  0.694+0.053  0+0* 0 + 0%
TB 0.012 0.234+0.049  0+0* 0 + 0%
MB -0.005 0.006 0+ 0% 0+ 0%
MS 0.827 0.918 0.873 0.546 + 0.042
TY 0.811 0.897 0.852 -0.010
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